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RIWKHURRP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 0RGHODQDO\VLVRIWKHUPDOFRQGLWLRQVLQDVHSDUDWHURRPZLWKDFFRXQWRIEHKDYLRXURIWHPSHUDWXUHVRIDKHDWHUDLU
DQGDQLQWHUQDOERXQGDU\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 0RGHODQDO\VLVZLWKDFFRXQWRIWKHFRQGLWLRQRIDKHDWHUZKHQLWVFKDUDFWHULVWLFVDQGLWVWHPSHUDWXUHFKDQJHXQGHU
H[WHUQDOLPSDFWV
 (QHUJ\DXGLWDQGPHDVXUHPHQWRIKHDWHQHUJ\XVLQJWKHVDPHV\VWHPRIWHPSHUDWXUHVHQVRUV
 7KHSURSRVHGPDWKHPDWLFDOPRGHO FDQ IRUP WKH EDVLV RI WKH DOJRULWKPDQG WKH VRIWZDUH RI DXWRPDWLF FRQWURO
V\VWHPVRIKHDWVXSSO\LQDVHSDUDWHURRPDQGDEXLOGLQJ
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1RPHQFODWXUH
ha KHDWWUDQVIHUFRHIILFLHQWRIDPELHQWDLU
h2 KHDWWUDQVIHUFRHIILFLHQWRILQWHUQDOERXQGDU\
h3 KHDWWUDQVIHUFRHIILFLHQWRIDKHDWHU
hadj KHDWWUDQVIHUFRHIILFLHQWRIDGMDFHQWURRPV
T1 LQGRRUDLUWHPSHUDWXUH
Ta DPELHQWDLUWHPSHUDWXUH
T2 WHPSHUDWXUHRILQWHUQDOERXQGDU\
Tadj WHPSHUDWXUHRIDGMDFHQWURRPV
T3 WHPSHUDWXUHRIDKHDWHU
ǻT ǻT T±TWKHWLPHGHSHQGHQWWKHUPDOJUDGLHQWEHWZHHQHQYLURQPHQWDQGKHDWHU
Ts VXSSO\WHPSHUDWXUH
Tr UHWXUQWHPSHUDWXUH
G PDVVIORZUDWHRIDKHDWWUDQVIHUIOXLG
ɋ1 KHDWFDSDFLW\RILQGRRUDLU
ɋ2 KHDWFDSDFLW\RILQWHUQDOERXQGDU\
ɋ3 KHDWFDSDFLW\RIDKHDWHU
Ĳ1 WLPHFRQVWDQWRIDLULQURRP
Ĳ2 WLPHFRQVWDQWRILQWHUQDOERXQGDULHV
Ĳ3 WLPHFRQVWDQWRIDKHDWHU
Q WKHUPDOHQHUJ\
0RGHOIRUPXODWLRQ
2.1. Mathematical model of the thermal and air conditions in a room 
7KHEDVLVRIPDWKHPDWLFDOPRGHOLQJLVDV\VWHPRIEDODQFHGLIIHUHQWLDOHTXDWLRQVIRUDYHUDJHWHPSHUDWXUHVRID
KHDWHUDLUDQGWKHLQWHUQDOERXQGDU\7KLVDSSURDFKGRHVQRWFRQVLGHUVRPHFKDUDFWHULVWLFVRIWKHFXUUHQWSURFHVV
+RZHYHUWKHPDLQSURFHVVHVRIKHDWWUDQVIHUDUHGHVFULEHGLQWKHIROORZLQJSDUDJUDSKV
7KHPDWKHPDWLFDOPRGHOLVFRQVLGHUHGIRUDVHSDUDWHURRPWKDWFRQWDLQVLQWHUQDODQGH[WHUQDOERXQGDULHVDKHDWHU
DQGKDVDGMDFHQW URRPV7KHLQFUHDVH LQ WKHUPDOHQHUJ\ LVGXH WRDKHDWHUDQG LWV ORVVGXH WRKHDW WUDQVIHU WR WKH
H[WHUQDO HQYLURQPHQW DQG WKH DGMDFHQW URRPV7KH WKHUPDO HQHUJ\ LV D GHSHQGHQW YDULDEOH LQ EDODQFH GLIIHUHQWLDO
HTXDWLRQV
7KHILUVWHTXDWLRQFRQVLGHUVWKHFKDQJHRIWKHUPDOHQHUJ\RIDLUQLQDURRP
  aa TThTThTThdt
dQ   
7KHVHFRQGHTXDWLRQIRUWKHLQWHUQDOERXQGDU\LVGRFXPHQWHG7KHWHPSHUDWXUHRIDGMDFHQWURRPVLVQRWHTXDOWR
WKHWHPSHUDWXUHRIWKHLQWHUQDOERXQGDULHVRIWKHURRPLQTXHVWLRQ
  adjadj TThTThdt
dQ    
:HLQWURGXFHWKHUDWLRQ CÂT Q CÂT7KHV\VWHPRIHTXDWLRQVFDQEHZULWWHQDV
 Nadezhda Petrova et al. /  Energy Procedia  95 ( 2016 )  358 – 365 361
°
°
¯
°°
®
­
 
 








adjadj
aa
TThTTh
dt
dTC
TThTThTTh
dt
dTC
 
7KHVH HTXDWLRQV PXVW EH VXSSOHPHQWHG E\ WKH LQLWLDO FRQGLWLRQV IRU H[DPSOH LQGRRU DLU WHPSHUDWXUH DQG
WHPSHUDWXUHRIWKHLQWHUQDOERXQGDU\LQWKHLQLWLDOLQVWDQWW 7KHDPELHQWDLUWHPSHUDWXUHDQGWHPSHUDWXUHRIDKHDWHU
DUHGHSHQGHQWYDULDEOHV7KHFRHIILFLHQWVhah2h3LQFOXGHGLQWKHHTXDWLRQDUHRILQWHJUDOFKDUDFWHUDQGFDQEHIRXQG
H[SHULPHQWDOO\
2.2. Equations for a heater 
7KH WKHUPDOFRQGLWLRQV LQDURRPSURYLGHDKHDWHU WKH WHPSHUDWXUHRIZKLFKZDVVHWFRQVWDQW LQ WKHSUHFHGLQJ
GLVFXVVLRQ%XWLQIDFWWKHWHPSHUDWXUHRIDKHDWHULVFKDQJHGGXULQJRSHUDWLRQ
7KHHTXDWLRQIRUDKHDWHULQG\QDPLFUDWLQJLVZULWWHQGRZQ
 
 TThTTG
dt
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rs    
7KLVHTXDWLRQFRQVLGHUVLQHUWSURSHUWLHVRIDKHDWHUVSHHGRIKHDWWUDQVIHUIOXLGDQGRWKHUSDUDPHWHUV7KHLQFUHDVH
LQWKHUPDOHQHUJ\LVGXHWRDKHDWLQJPHGLXPVXSSO\DQGLWVORVVGXHWRKHDWWUDQVIHUWRWKHLQGRRUDLU
,Q WKHILUVWDSSUR[LPDWLRQZHFRQVLGHU WKDW WKHIORZWHPSHUDWXUHDQG WKHVXUIDFH WHPSHUDWXUHRI WKHKHDWHUDUH
SURSRUWLRQDOWRHDFKRWKHUZLWKWKHFRUUHFWLRQFRHIILFLHQWQ CÂT
,QDUHDOVLWXDWLRQWKHWHPSHUDWXUHRIWKHKHDWHULVDIXQFWLRQRIWLPH7KHUHIRUHWKHV\VWHPRI(TVKRXOGEH
VXSSOHPHQWHGE\WKH(T%HORZZHZULWHWKHV\VWHPRIHTXDWLRQVGHVFULELQJWKHWKHUPDOFRQGLWLRQVLQDURRP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
7KLVV\VWHPFDQEHDSSOLHGWRFDOFXODWLRQRIWKHWKHUPDOFRQGLWLRQVRIURRPVLQVWDWLRQDU\DQGG\QDPLFFRQGLWLRQV
6RPHDVVXPSWLRQVZHUHDFFHSWHG

 7KHWLPHFRQVWDQWĲLVWKHSDUDPHWHUFKDUDFWHUL]LQJWKHLQHUWLDOSURSHUWLHVRIDKHDWHU7KHWLPHFRQVWDQWĲLVPXFK
OHVVWKDQWLPHFRQVWDQWVRIDLULQDURRP ĲDQGRILQWHUQDOERXQGDULHV Ĳ:HDFFHSWWKDWWHPSHUDWXUHRIDLUHTXDO
WR WHPSHUDWXUH RI DQ LQWHUQDO ERXQGDU\ 7KHUHIRUH WKH HTXDWLRQ IRU D KHDWHU LQ D V\VWHP  FDQ EH VROYHG
LQGHSHQGHQWO\RIWKHV\VWHP
 ,IWKHWHPSHUDWXUHRIDKHDWHULVFRQVWDQWWKHHTXDWLRQVRIDLUDQGDQLQWHUQDOERXQGDU\FDQEHVROYHGLQGHSHQGHQWO\
RIWKHWKLUGHTXDWLRQLQWKHV\VWHP
 7KHKHDWWUDQVIHUFRHIILFLHQWRIDKHDWHULVDQLQWHJUDOTXDQWLW\ZKLFKWDNHVLQWRDFFRXQWWKHKHDWWUDQVIHUVXUIDFH
DUHD

7KH SDUDPHWHUV RI HTXDWLRQV DUH KHDWWUDQVIHU FRHIILFLHQWV RI KHDWHUV KHDW WUDQVIHU FRHIILFLHQWV RI LQWHUQDO DQG
H[WHUQDOERXQGDULHVDQGKHDWFDSDFLWDQFHRIREMHFWVLQDURRP7KHVHSDUDPHWHUVDUHFDOFXODWHGLQDUHYHUVHSUREOHP
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1RQVWHDG\VWDWHVLWXDWLRQVDSSHDUZLWKWHPSHUDWXUHFKDQJHVLQDURRP7KHWDUJHWYDOXHVDUHFDOFXODWHGWKURXJKWKH
DQDO\VLVRIWHPSHUDWXUHGHSHQGHQFH
:HFRQVLGHUHGWKHWKLUGHTXDWLRQLQV\VWHPIRUDKHDWHU,IWKHVSHHGRIKHDWWUDQVIHUIOXLGLVHTXDOWR]HURKHDW
WUDQVIHUFRHIILFLHQWRIDKHDWHULVFDOFXODWHGDV



 TT
dt
dɌ
ɋ
h
cc

   
$FFRUGLQJWR1HZWRQ
VODZRIFRROLQJWKHWKHUPDOHQHUJ\RIDKHDWHUFDQEHGHILQHGE\XVLQJWKHHTXDWLRQ
tɌɌhQ
i
iii ' ¦     
.QRZQhYDOXHDOORZVWRILQGWKHUHPDLQLQJSDUDPHWHUVRIWKH(T7KHWKHUPDOFRQGLWLRQVLQDURRPLVDVWHDG\
VWDWHdTdt 7KHDPELHQWDLUWHPSHUDWXUHGRHVQRWFKDQJH6RPHDVVXPSWLRQVZHUHDFFHSWHGT1 T2%DVLFGDWD
IRUFDOFXODWLRQZHUHVHOHFWHGIURPRQHSRLQWRIWKHWLPHTaT3T1 Tadj T26XEVWLWXWLQJWKHVHGDWDDQGWKHNQRZQ
YDOXHRIhLQWKHILUVWHTXDWLRQFDQEHIRXQGha




a
a TT
TThh

   
7KHV\VWHPRIHTXDWLRQVHVWDEOLVKHVDUHODWLRQVKLSRIKHDWWUDQVIHUFRHIILFLHQWVLQWKHZKROHFKDLQRIVXPPLQJXS
WUDQVIRUPDWLRQDQGVFDWWHULQJRIWKHUPDOHQHUJ\QDPHO\KHDWWUDQVIHUIOXLGKHDWHUDLUERXQGDU\(YDOXDWLRQRIHDFKRI
WKHVHUHODWLRQVLQWKHFRQGLWLRQVGHWHUPLQHVWKHLQIOXHQFHRIWKHSDUDPHWHUVhahhRQWKHKHDWH[FKDQJHSURFHVV
5HVXOWVDQG'LVFXVVLRQ
3.1. Model check 
7RFKHFNWKHPDWKHPDWLFDOPRGHODGHTXDF\DQGWRLQYHVWLJDWHKHDWLQJSURFHVVHVLQDURRPZHVLPXODWHGWKH
UHIHUHQFHYDOXHSDUDPHWHUVWDNLQJLQWRDFFRXQWUHDOWKHUPRWHFKQLFDOFKDUDFWHULVWLFVRIH[WHUQDOERXQGDULHVWKHJLYHQ
UHVLVWDQFHRIKHDWWUDQVIHUDQGDLUSHUPHDELOLW\
3.1.1. Heating of cooled air in a room 
:HFDQVLPXODWHWKHKHDWLQJRIFRROHGDLULQDURRP/HW¶VLPDJLQHWKDWWKHDLUDQGWKHZDOOVLQDURRPDUHFRROHG
E\WKHFROGDLUIURPWKHRXWVLGHRSHQZLQGRZ%HFDXVHRIUHVSRQVHGHOD\WKHZDOOVDUHFRROHGOHVVWKDQWKHDLU7KHQ
WKHURRPV\VWHPZDVVWDELOL]HGDQGWKHDLUDQGWKHZDOOVZHUHKHDWHGE\WKHKHDWHUV
7KHSDUDPHWHUYDOXHVhC ÂVhDC ÂVhC ÂV ZLWKWKHHTXDWLRQV\VWHP
DOORZXVWRFRQGXFWVLPXODWLRQLQ0DW/DE7KHLQLWLDOGDWDIRUWKHHTXDWLRQVDUHWKHDYHUDJHDLUWHPSHUDWXUHLQWKH
EHJLQQLQJLVHTXDOWRɋWKHWHPSHUDWXUHRILQWHUQDOERXQGDULHVLVɋ
7KHHVWDEOLVKHGFRQGLWLRQV

 7HPSHUDWXUHRIDKHDWLQJVRXUFHɋ
 2XWVLGHWHPSHUDWXUH±ɋ
 7HPSHUDWXUHRIFRPPXQLFDWLQJURRPVɋ

7KHJDLQHGWHPSHUDWXUHGHSHQGHQFHVDUHJLYHQLQ)LJ
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
)LJ7LPHGHSHQGHQFHVRIDLUWHPSHUDWXUH7DQGURRPERXQGDULHVɌ
)LJXUHVKRZVWKDWLQWKHEHJLQQLQJWKHZDOODQGDLUWHPSHUDWXUHDUHGLIIHUHQWDQGWKHDLUWHPSHUDWXUHLQWKHURRP
LVOHVVWKDQWKHWHPSHUDWXUHRIWKHURRPERXQGDULHV
7KHGHSHQGHQFHVDUHH[SRQHQWLDOZLWKWKHSKDVHRIUDSLGDLUWHPSHUDWXUHJURZDQGPXFKVORZHUJURZRIWKHURRP
ERXQGDULHVWHPSHUDWXUH%RWKGHSHQGHQFHVVWDELOL]HDIWHUDZKLOH7KHWLPHRIWKHWUDQVLWLRQSURFHVVLVDYHU\LPSRUWDQW
FKDUDFWHULVWLFEHFDXVHLWDOORZVWRPHDVXUHWKHUHVSRQVHGHOD\LQKHDWLQJRUFRROLQJRIDURRP)LJXUHDOVRVKRZV
WKHFURVVLQJRIWZRFXUYHVDWRQHSRLQW
3.1.2. Self-cooling mode of a heater 
,QWKLVFDVHWKHKHDWLQJPHGLXPVXSSO\LVLQWHUUXSWHGG DWWKHLQLWLDOWLPHW 7KHUHVXOWVRIWKHVLPXODWLRQDUH
JLYHQLQ)LJWKHSDUDPHWHULVWKHYDOXHRIWKHKHDWFDSDFLW\RIDKHDWHU
7KHDQDO\VLVRIWKHJDLQHGUHVXOWVLVTXLWHFOHDUWKHWHPSHUDWXUHGHFUHDVHLVH[SRQHQWLDODQGWKHWLPHFRQVWDQWWKH
UDWHRIGHFD\GHSHQGVRQWKHKHDWFDSDFLW\RIDKHDWHU

)LJ6HOIFRROLQJRIDKHDWHUGHSHQGLQJRQLWVKHDWFDSDFLW\
3.2. Automated system monitoring and field experiment 
7KHH[SHULPHQWZDVPDGHLQDURRPRIDQDSDUWPHQWEXLOGLQJ7KHIORRUDUHDRIWKHURRPLVVTP7KHUHLVD
ZLQGRZ D FDVW LURQ UDGLDWRURI D06 VHULHVZLWK VL[ VHFWLRQV LVRODWLQJYDOYHV DQG LQWHUQDO DQG H[WHUQDO
ERXQGDULHVLQWKHURRP
7KH$'7GLJLWDOWHPSHUDWXUHVHQVRURIKLJKDFFXUDF\PHDVXUHVWKHWHPSHUDWXUHRIDKHDWHUDQGLQGRRUDLU
7KHWKLUGVHQVRUPHDVXUHVWKHWHPSHUDWXUHRIDPELHQWDLU7KHGDWDIURPVHQVRUVLVWUDQVIHUUHGWRWKHFRPSXWHU
7RFROOHFW WKHGDWDIURPKHDWDQGHQHUJ\PHWHUVZHGHYHORSHGDZLUHOHVVPRGHPZLWK21(ZLUH ,&56
568$57HWF>@7KHZLUHOHVVPRGHPSDUDPHWHUVLQSXWYROWDJH±9LQSXWFXUUHQW±QRWPRUHWKDQ
P$LQWUDQVPLVVLRQPRGHLQVOHHSLQJPRGH±OHVVWKDQX$EDWWHU\VXSSO\LVSRVVLEOHRSHUDWLQJIUHTXHQF\±
0+]7RFKRRVHWKHIUHTXHQF\UDQJHZHFRQGXFWHGDVHULHVRIH[SHULPHQWVLQQRLVHPHDVXUHPHQWLQWKRVHUDQJHV
'DWD$FTXLVLWLRQDQG7UDQVPLVVLRQ'HYLFHVSURYLGHZLUHOHVVFRPPXQLFDWLRQRIPHWHUVFRQQHFWHGWRWKHZLUHOHVV
PRGHPDQGWKHVHUYHU7KH'DWD$FTXLVLWLRQDQG7UDQVPLVVLRQ'HYLFHVDQGWKHVHUYHUVDUHFRQQHFWHGE\(WKHUQHWRU
*60*3567KHZLUHOHVVPRGHP5)FDQFRPELQHDOOWKHFRQQHFWHGGHYLFHVDQGWKH'DWD$FTXLVLWLRQDQG
7UDQVPLVVLRQ'HYLFHVLQD0(6+QHWZRUNZLWKWKHSRVVLELOLW\RIGDWDWUDQVIHUWRWKHVHUYHU
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)LJXUHDVKRZVWKHUHVXOWVRIWKHILHOGH[SHULPHQWGXULQJWKHFRROLQJSURFHVVRIDKHDWHUZLWKVL[VHFWLRQV7KH
KHDWWUDQVIHUFRHIILFLHQWRIDKHDWHULVFDOFXODWHGLQ(T
7KH PHDVXUHPHQW SURFHGXUH IRU PHDVXULQJ KHDW WUDQVIHU FRHIILFLHQW FRQVLVWV RI WKH IROORZLQJ DFWLRQV 7KH
WHPSHUDWXUHRIDKHDWHUDVDWLPHIXQFWLRQLVPHDVXUHGLQWKHFRROLQJUDWHLQ)LJD7KHDLUWHPSHUDWXUHLVPHDVXUHG
$VLPSOHPRYLQJDYHUDJHLVXVHGZLWKWLPHVHULHVGDWDWRVPRRWKRXWVKRUWWHUPIOXFWXDWLRQV7KHUDWHRIWHPSHUDWXUH
FKDQJHLQDKHDWHUDVDWLPHIXQFWLRQLVIRXQGRQDVHJPHQWRIWKHFRROLQJFXUYH7KLVVHJPHQWFRQVLVWVRInRISRLQWV
n LVWKHPLQLPXPQXPEHURILQGLFDWLRQZKHQWKHKHDWHUWHPSHUDWXUHIDOOVWRWKHYDOXHQRWOHVVWKDQ.7KHKHDW
WUDQVIHUFRHIILFLHQWRIDKHDWHULVFDOFXODWHGLQ(T7KHKHDWFDSDFLW\RIDKHDWHULVUHIHUHQFHGDWD7KHDSSUR[LPDWLRQ
E\OLQHDUL]DWLRQLVDSSOLHGIRUWKHKHDWWUDQVIHUFRHIILFLHQWDVDǻTIXQFWLRQ,WLVQHFHVVDU\WRILQGWKHVORSHRIWKH
FXUYHDWWZRSRLQWVhɢǻT

)LJ)LHOGH[SHULPHQWD7HPSHUDWXUHVRIDKHDWHUDQGDLUDVDWLPHIXQFWLRQLVPHDVXUHGLQWKHFRROLQJFRQGLWLRQV
E+HDWWUDQVIHUFRHIILFLHQWDVǻTIXQFWLRQ
.QRZQhYDOXHDOORZVWRILQGWKHUHPDLQLQJSDUDPHWHUVRIWKH(T7KHVHFRQGH[SHULPHQWZDVFDUULHGRXWWR
LQYHVWLJDWH WKHKHDW WUDQVIHUFRHIILFLHQWRIDPELHQW DLU7KHPHDVXUHPHQWVZHUH WDNHQ IRUKRXUV7KH WKHUPDO
FRQGLWLRQVLQDURRPLVVWHDG\VWDWH7KHDPELHQWDLUWHPSHUDWXUHGRHVQRWFKDQJH6RPHDVVXPSWLRQVZHUHDFFHSWHG
T1 T2%DVLFGDWDIRUFDOFXODWLRQZHUHVHOHFWHGIURPRQHSRLQWRIWKHWLPHTa ɋT3 ɋT1 Tadj 
T2 ɋ)LJEKHOSVXVFDOFXODWHWKHYDOXHRIh :ɋZKHQǻT ɋ7KHVHGDWDDUHDGGHGLQ(T
DQGZHJHWWKHUHVXOWha :ɋ
7KHNQRZQYDOXH RI WKHKHDW WUDQVIHU FRHIILFLHQW RI DPELHQW DLU DOORZV WR HYDOXDWH DKHDW OHDNDJH WKURXJK WKH
H[WHUQDOERXQGDU\LQUHDOWLPH)RUH[DPSOHWKHWKHUPDORXWSXWVRIDKHDWHUDQGDKHDWOHDNDJHWKURXJKWKHH[WHUQDO
DQGLQWHUQDOERXQGDULHVZKHQǻ7 ɋh :ɋha :ɋ

x P hÂǻT: Â :WKHUPDORXWSXWVRIDKHDWHU
x Pa haÂǻT: Â :KHDWOHDNDJHWKURXJKWKHH[WHUQDOERXQGDULHV
x P ± :KHDWOHDNDJHWKURXJKWKHLQWHUQDOERXQGDULHV

7KXVZHVHHWKDWDFFRUGLQJWR(TLQWKHVWHDG\VWDWHZKHQWKHDLULQWKHURRPGRHVQRWFKDQJHZLQGRZDQG
GRRUFORVHGWKHZKROHWKHUPDOFDSDFLW\RIWKHKHDWHUVKRXOGEHVSHQWWKURXJKWKHH[WHUQDODQGLQWHUQDOERXQGDULHV
:HFDQDVVHVVWKHFRQGLWLRQRIH[WHUQDODQGLQWHUQDOERXQGDULHVDQGWDNHWKHQHFHVVDU\PHDVXUHVWRLPSURYHHQHUJ\
HIILFLHQF\IRUDNQRZQYDOXHRIWKHUPDORXWSXWV
&RQFOXVLRQ
:HSUHVHQWHGWKHPDWKHPDWLFDOPRGHOWKDWFDQIRUPWKHEDVLVRIWKHDOJRULWKPDQGWKHVRIWZDUHRIDXWRPDWLFFRQWURO
V\VWHPVRIKHDWVXSSO\ LQDVHSDUDWHURRPDQGDEXLOGLQJ7KHVFLHQWLILFQRYHOW\RI WKLVZRUN LV LQ WKHPHWKRGRI
PHDVXULQJWKHKHDWWUDQVIHUFRHIILFLHQWVRIKHDWHUVDQGWKHDSSURDFKRIPHDVXULQJKHDWHQHUJ\DFFRUGLQJWRLQGLYLGXDO
 Nadezhda Petrova et al. /  Energy Procedia  95 ( 2016 )  358 – 365 365
FKDUDFWHULVWLFVRIDURRPDQGDKHDWHU7KHV\VWHPRIEDODQFHGLIIHUHQWLDOHTXDWLRQVHVWDEOLVKHVLQWHUUHODWLRQRIWKHKHDW
WUDQVIHUFRHIILFLHQWRIDPELHQWDLUWKHKHDWWUDQVIHUFRHIILFLHQWRILQWHUQDOERXQGDU\DQGWKHKHDWWUDQVIHUFRHIILFLHQW
RIDKHDWHU7KHDVVHVVPHQWRIHDFKRIWKHVHUDWLRVLQVSHFLILFRSHUDWLQJFRQGLWLRQVDOORZVWRGHILQHWKHLQIOXHQFHRI
YDULRXVSDUDPHWHUVRI WKHKHDWH[FKDQJHSURFHVV7KHNQRZQYDOXHRI WKHKHDW WUDQVIHUFRHIILFLHQWRIDPELHQWDLU
DOORZVWRHYDOXDWHKHDWOHDNDJHWKURXJKWKHH[WHUQDOERXQGDU\LQUHDOWLPH
7KH SURSRVHG DSSURDFK DOVR DOORZV WR PHDVXUH KHDW HQHUJ\ LQSXW WR KLJK SUHFLVLRQ DFFRUGLQJ WR LQGLYLGXDO
FKDUDFWHULVWLFVRIDURRPDQGDKHDWHU7KHDXWRPDWHGFRPSOH[IRUWKLVDOJRULWKPFRQVLVWVRIDV\VWHPRIWHPSHUDWXUH
VHQVRUVDPLFURFRQWUROOHUDUDGLRGDWDOLQNDQGDKRVWLQJVHUYHU$FFXUDF\LVSURYLGHGE\DQH[SHULPHQWDOVWXG\RI
KHDWWUDQVIHUFRHIILFLHQWVRIKHDWHUVDQGVWDWLVWLFDOGDWDDQDO\VLV7KHDSSURDFKDOVRDOORZVWRSHUIRUPWKHHQHUJ\DXGLW
DQGPHDVXUHPHQWRIKHDWHQHUJ\XVLQJWKHVDPHV\VWHPRIWHPSHUDWXUHVHQVRUV7KHRIIHUHGDSSURDFKDOVRDOORZVWR
SHUIRUP WKHPRQLWRULQJ RI WKHUPDO FRQGLWLRQV LQ D VHSDUDWH URRP DQG D EXLOGLQJZKROH DW WKH VWDJH RI EXLOGLQJ
FRPPLVVLRQLQJ
$FNQRZOHGJHPHQWV
7KLVZRUNLVILQDQFLDOO\VXSSRUWHGE\WKH0LQLVWU\RI6FLHQFHDQG(GXFDWLRQRIWKH5XVVLDQ)HGHUDWLRQFRQWUDFW
QR*
5HIHUHQFHV
>@ 3ULQFLSL 3'L 3HUQD&5XIILQL( /DERUDWRU\([SHULPHQWDO0HWKRG WR0HDVXUH7KHUPDO )OXLG'\QDPLF 3DUDPHWHUV&KDUDFWHUL]LQJ WKH
&OLPDWLVHG2IILFH5RRP-RXUQpHVGH7KHUPLTXH±
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(QHUJ\DQG%XLOGLQJV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